Low diastolic blood pressure was one of the independent predictors of ischemia-like findings of electrocardiogram in patients who underwent coronary angiography  by Fujishima, Shinichiro et al.
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Background:  The  underlying  cause  of  a high  cardiovascular  event  rate  in  the  population  with  low  diastolic
blood  pressure  (DBP)  has  not  been  fully  elucidated.
Methods  and  results:  The  relationship  between  DBP  and ischemia-like  ﬁndings  on electrocardiography
(ECG) was  investigated  in 187  patients  who  underwent  coronary  angiography.  Patients  with  conditions
affecting  ECG  (e.g.  patients  taking  digitalis  or those  with  old myocardial  infarction,  complete  right  bun-
dle  branch  block,  or hypokalemia)  were  excluded  from  the  analyses.  Ischemia-like  ECG was  deﬁned  as
having  one  or  more  of the following:  borderline  Q  wave [Minnesota  code  (MC)  I  3], ST depression  (MC
IV  1–3),  negative  T wave  (MC  V 1–3),  and  complete  left bundle  branch  block  (MC  VII  1).  Based  on  this
deﬁnition,  70  of  187  patients  (37%)  had  ischemia-like  ECG.  Compared  with  the group  without  it,  the
group  with  ischemia-like  ECG  included  more  females  (p  < 0.01),  and had  lower  values  of body mass  index
(p =  0.01),  DBP  (p < 0.01),  estimated  glomerular  ﬁltration  rate  (p < 0.01),  left ventricular  ejection  fraction
(LVEF;  p  <  0.01),  and  higher  values  of  age  (p  < 0.01)  and  left  ventricular  mass  index  (LVMI;  p <  0.01).  The
severity  of coronary  artery  disease  did  not  differ  between  the  groups.  Receiver  operating  characteristics
curve  analysis  revealed  that  74.5 mmHg  was  the optimal  cut-off  point  of DBP  to  predict  ischemia-like
ECG (area  under  curve,  0.63;  95% conﬁdence  interval,  0.55–0.71,  p = 0.003).  There  were  no  signiﬁcant  rela-
tionships  between  systolic  blood  pressure  and  ischemia-like  ECG.  A  multivariate  analysis  showed  that
female  sex,  low  DBP  (≤74.5  mmHg),  LVMI,  and  LVEF  were  the signiﬁcant  factors  for  the ischemia-like
ECG.  The  odds  ratio  of low  DBP  was  2.53  (95%  conﬁdence  interval,  1.19–5.40;  p = 0.02).
Conclusions:  Low  DBP  was  one  of  the  signiﬁcant  predictors  of  the  ischemia-like  ECG  in  the  present  study.
Myocardial  ischemia  may  be  a part  of the  cause  of  high  cardiovascular  morbidity  in the  population  with
3  Jap
low  DBP.
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Many epidemiological or clinical studies have reported a high
ate of cardiovascular events in patients with low diastolic blood
ressure (DBP), both in patients with previous ischemic heart dis-
ase and in subjects without it [1–4]. In these studies, however, the
nderlying cause of the relationship between low DBP and high car-
iovascular morbidity was not investigated. DBP falls progressively
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ospital, 1-1-1 Harunomachi, Yahatahigashi-ku, Kitakyushu 805-8508, Japan.
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ttp://dx.doi.org/10.1016/j.jjcc.2013.05.005anese  College  of  Cardiology.  Published  by Elsevier  Ltd.  All  rights  reserved.
in older age [5] due to increased aortic stiffness, the above results
probably reﬂect general atherosclerosis. In addition, myocardial
ischemia caused by low DBP might have some effects to increase
cardiovascular events, because coronary artery inﬂow primarily
occurs during diastolic phase [6], and thus, low DBP  can reduce
coronary blood ﬂow and cause myocardial ischemia, especially in
the subendocardium [7]. However, the detection of subtle myocar-
dial ischemia is not easy. Cardiac positron emission tomography
[8] or magnetic resonance imaging [9] can reveal subendocardial
ischemia, but the widespread use of these tests in a clinical setting
is difﬁcult due to their high costs.Meanwhile, other epidemiological studies have shown that
abnormal ﬁndings in resting electrocardiograms (ECGs), such as Q
wave, deviation of ST portion, or abnormalities of T wave, also pre-
dict cardiovascular events, even if the ﬁndings are mild [10–18].
vier Ltd. All rights reserved.
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enerally, these ﬁndings of ECG suggest myocardial ischemia,
lthough some conditions other than ischemia [e.g. left ventricu-
ar hypertrophy (LVH), postural changes, meals, drugs, electrolyte
isorders, and metabolic disorders] could affect ECG [19].
Because both low DBP and abnormal ECG ﬁndings which sug-
est myocardial ischemia (ischemia-like ECG) correlate with a high
ate of cardiovascular events, we hypothesized that there would
e some relationships between low DBP and ischemia-like ECG.
n terms of the relationship between blood pressure (BP) and
schemia-like ECG, Owens et al. reported that profound hypotensive
vents caused transient ischemic ST changes by use of ambulatory
P monitoring and Holter ECG monitoring in 25 patients with coro-
ary artery stenosis [20]. On the other hand, few population studies
ave evaluated this relationship. This may  be due to the lack of close
ssessments of coronary artery stenosis in most large-scale studies.
ecause coronary artery stenosis is the greatest cause of myocar-
ial ischemia, it might be important to consider the coronary
rtery anatomy of the individual patient when discussing a case of
schemia-like ECG. In the present study, we investigated the rela-
ionship among BP, coronary artery stenosis, other factors which
ight inﬂuence ST-T changes, and the prevalence of ischemia-like
CG in patients who underwent coronary angiography (CAG).
ethods
atients
In our hospital, from March 2008 to February 2009, 272 de
ovo patients underwent elective CAG. All of them were sus-
ected of having coronary artery disease based on their symptoms,
he results of screening tests (resting ECG, stress ECG, resting
chocardiography, computed tomographic coronary angiography,
nd stress single-photon emission computed tomographic imag-
ng), or both. Patients who had been treated by coronary artery
ypass grafting or percutaneous coronary intervention were not
ncluded in this study.
Among them, there were 24 patients with low left ventricu-
ar systolic function [left ventricular ejection fraction (LVEF) < 40%
y echocardiography or left ventriculography (LVG)] due to old
yocardial infarction (OMI) or some types of cardiomyopathy.
ecause left ventricular dysfunction could reduce BP and coro-
ary perfusion, and might affect ECG, these patients were excluded
rom the present analysis. In addition, 17 patients with OMI
ut LVEF ≥ 40% were also excluded because they had apparent
schemic ﬁndings in ECG independent of BP. Furthermore, 44
atients with one or more of the following conditions that could
otentially affect ST-T ﬁndings were also excluded: takotsubo car-
iomyopathy (2 patients), complete right bundle branch block (21
atients), hypokalemia < 3.5 mEq/l (2 patients), and use of digitalis
17 patients). Five patients were excluded due to an incomplete
ataset. As a result, 187 patients were included in the present anal-
ses (114 men; age, 71 ± 10 years, mean ± SD).
The protocol of this study was approved by the human investi-
ations committee of our hospital, and informed consent for use of
xamination results was  obtained from all patients at the time of
dmission.
lood pressure measurement
All patients were admitted to our hospital on the day before CAG.
P was measured twice in a hospital ward after the admission, and
he mean values were used for analyses. The measurements were
one in a supine position after a 5-min bed rest using an electronic
evice (ES-H55, Terumo, Tokyo, Japan).iology 62 (2013) 230–235 231
Resting electrocardiography
Using a device type ECG-1400 (Nihon Koden, Tokyo, Japan), a 12
lead resting ECG was taken in accordance with classic recommen-
dations within a month before CAG. ECGs recorded during angina
attacks were not included in the analysis. All tracings were coded
by a trained physician on the basis of Minnesota code (MC) [21].
Ischemia-like ECG was deﬁned as the presence of a borderline Q
wave (MC  I 3), signiﬁcant or borderline ST segment depression (MC
IV 1–3), deep or moderate T wave inversion (MC  V 1–3), or evi-
dence of complete left bundle branch block (CLBBB, MC VII 1), as in
a previous study [13].
Selective coronary angiography
All patients underwent CAG in multiple oblique projections.
Two or more experienced cardiologists reviewed the catheteriza-
tion images, and stenoses of ≥75% were deﬁned as signiﬁcant [22].
The number of diseased vessels was determined, and the modiﬁed
Gensini index (MGI) was calculated from the CAG ﬁndings [23].
LVG was  performed in 84 patients (45%) in the 30◦ right anterior
oblique view at the same session, and LVEF was calculated by the
area–length method.
Echocardiography
Echocardiography was performed in all patients using a device
type iE33 (Philips Medical Systems, Andover, MA,  USA) within
a month before CAG. M-mode measurements were performed
according to the American Society of Echocardiography recom-
mendations [24]. Intraventricular septal wall thickness, posterior
wall thickness, and left ventricular internal diameter were mea-
sured, and then the LVEF was calculated [25]. In 84 patients who
underwent LVG, LVEF calculated from LVG was  used for further
analyses.
Left ventricular mass (LVM) was  also calculated [26], and the left
ventricular mass index (LVMI) was obtained by dividing the LVM by
body surface area (BSA). The BSA was  calculated by use of the fol-
lowing formula developed for Japanese: BSA (cm2) = 88.83 × height
(cm)0.663 × bodyweight (kg)0.444 [27].
Risk factors
The clinical risk factors for coronary artery disease were
also investigated. Hypertension was deﬁned as systolic blood
pressure (SBP) ≥ 140 mmHg  and/or DBP ≥ 90 mmHg at our out-
patient clinic before admission, or current use of antihypertensive
medication. Diabetes was  diagnosed from the ﬁndings of
fasting glucose ≥ 126 mg/dl, hemoglobin A1c ≥ 6.5%, or use of
hypoglycemic medication. Dyslipidemia was deﬁned as serum low-
density lipoprotein cholesterol ≥ 140 mg/dl, high-density lipopro-
tein cholesterol ≤ 40 mg/dl, fasting triglyceride ≥ 150 mg/dl, or the
use of lipid-lowering agents. The estimated glomerular ﬁltration
rate was calculated by an equation for Japanese patients [28].
“Smokers” were deﬁned as those with a current smoking habit or
those who  had quit smoking within one year before CAG.
Statistical analysis
Values are expressed as the means ± SD. The patients with
ischemia-like ECG and those without it were compared using chi-
square tests for proportions and unpaired t tests for continuous
variables. Whether the prevalence of ischemia-like ECG differed
among SBP and DBP quintiles was  also analyzed by chi-square
tests. We also used receiver operating characteristics (ROC) curve
analysis to calculate the area under the curve (AUC) for DBP and
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Table 1
Clinical characteristics of patients with (ischemia-like ECG group) and without (non-
ischemic group) ischemic ECG.
Variables Ischemia-like ECG
group (n = 70)
Non-ischemic
group (n = 117)
p
Female, n (%) 36 (51) 37 (32) <0.01
Age  (years) 74 ± 10 70 ± 9 <0.01
BMI  (kg m−2) 22.9 ± 3.1 24.2 ± 3.8 0.01
Hypertension, n (%) 55 (79) 80 (68) 0.13
Anti-hypertensive agents, n (%) 57 (81) 86 (74) 0.22
Diabetes, n (%) 26 (37) 59 (50) 0.08
Dyslipidemia, n (%) 37 (53) 64 (55) 0.83
Hyperuricemia, n (%) 10 (14) 18 (15) 0.86
Smoking, n (%) 15 (21) 31 (26) 0.39
Systolic BP (mm  Hg) 133 ± 18 135 ± 16 0.63
Diastolic BP (mm  Hg) 71 ± 11 75 ± 9 <0.01
Pulse rate (bpm) 72 ± 11 71 ± 12 0.61
Serum potassium (mEq l) 4.3 ± 0.4 4.3 ± 0.4 0.94
eGFR (ml  min−1 1.73 m−2) 50 ± 26 62 ± 23 <0.01
LVDd (mm)  48.7 ± 7.5 46.8 ± 5.4 0.06
EF  (%) 71 ± 12 78 ± 8 <0.01
LVMI (g m−2) 173 ± 62 138 ± 38 <0.01
Signiﬁcant CAS, n (%) 35 (50) 49 (42) 0.28
Number of diseased vessels,
0/1/2/3, n
35/16/13/6 68/25/14/10 0.62
Modiﬁed Gensini index 49 ± 55 35 ± 51 0.08
ECG, electrocardiogram; BMI, body mass index; BP, blood pressure; eGFR, estimated
glomerular ﬁltration rate; LVDd, left ventricular diameter diastolic; EF, ejection
fraction; LVMI, left ventricular mass index; CAS, coronary artery stenosis.
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o determine the optimal cut-off value for predicting ischemia-
ike ECG. We  calculated sensitivity and speciﬁcity, and the optimal
ut-off point was obtained by using the Youden index [sensitiv-
ty − (1 − speciﬁcity)] without adjusting for covariates [29].
Using the factors that showed signiﬁcant difference in the inter-
roup comparison, a logistic regression analysis was performed to
nd the factors that could signiﬁcantly predict the ischemia-like
CG. SPSS software (version 12.0.1; Chicago, IL, USA) was  used for
he statistical calculations, and values of p < 0.05 were considered
tatistically signiﬁcant in all analyses.
esults
he prevalence of ischemia-like ECG in the subjects
In resting ECG, borderline Q waves (MC  I 3) were observed in 10
atients: I 3-1, 1 patient; I 3-3, 5 patients; I 3-4, 3 patients; and I
-5, 1 patient. Signiﬁcant or borderline ST segment depression (MC
V 1–3) was observed in 29 patients: IV 1-1, 1 patient; IV 1-2, 15
atients; IV 2, 12 patients; and IV 3, 1 patient. Deep or moderate
 wave inversion (MC  V 1–3) was observed in 32 patients: V 1, 3
atients; V 2, 21 patients; and V 3, 8 patients. CLBBB (MC VII 1) was
bserved in 8 patients. The total number of patients who  had one
r more of these ischemia-like ﬁndings was 70.
atient characteristics
Table 1 shows the characteristics of the patient group with
schemia-like ECG (ischemia-like ECG group) and the patient group
ithout it (non-ischemic group). The ischemia-like ECG group had
 higher rate of female patients, and higher values of age and
VMI compared with the non-ischemic group. The ischemia-like
CG group also had lower values of DBP, body mass index (BMI),
stimated glomerular ﬁltration rate (eGFR), and LVEF. Other vari-
bles were not different between the groups. The ischemia-like
CG group included 2 patients with severe aortic stenosis who
ere later treated by aortic valve replacement; none of the other
atients had severe valvular heart disease which needed surgical
r trans-catheter treatments.
revalence of ischemia-like ECG by quintiles of SBP and DBPWhen the overall patient group was categorized into quin-
iles of SBP and DBP, the ranges of SBP and the numbers of
atients in each SBP quintile were as follows: quintile (Q) 1;
ig. 1. Prevalence of the ischemia-like electrocardiogram (ECG) in each quintile of systolic
mmHg)  in each quintile were as follows: quintile (Q) 1, 93.0–120.0; Q2, 120.5–129.0; Q3
mmHg) were as follows: Q1, 48.0–65.5; Q2, 66.0–70.5; Q3, 71.0–75.0; Q4, 75.5–81.5; Q
mong the SBP quintiles (p = 0.34). In DBP, on the other hand, there was a signiﬁcant inte
BP  (47.8%) than in the Q4-Q5 (21.6%) (p < 0.01).93.0–120.0 mmHg  (n = 37); Q2, 120.5–129.0 mmHg (n = 39); Q3,
130.0–138.0 mmHg (n = 38); Q4, 138.5–147.5 mmHg  (n = 38); and
Q5, 148.0–179.0 mmHg  (n = 35) (Fig. 1). In the same way, the ranges
of DBP and the numbers of patients in each DBP quintile were as fol-
lows: Q1, 48.0–65.5 mmHg  (n = 38); Q2, 66.0–70.5 mmHg (n = 38);
Q3, 71.0–75.0 mmHg  (n = 37); Q4, 75.5–81.5 mmHg (n = 37); and
Q5, 82.0–103.5 mmHg  (n = 37). The prevalence of ischemia-like ECG
in each SBP quintile was as follows: Q1, 51.4%; Q2, 33.3%; Q3, 31.6%;
Q4, 31.6%; and Q5, 40.0%. Similarly, the prevalence of ischemia-like
ECG in each DBP quintile was  as follows: Q1, 50.0%; Q2, 51.4%; Q3,
45.9%; Q4, 13.5%; and Q5, 29.7%.
No trends were detected in the prevalence of ischemia-like
ECG among the SBP quintiles (p = 0.34). On the other hand, there
was a signiﬁcant inter-DBP-quintile difference in the prevalence of
ischemia-like ECG (p < 0.01). When we  compared the Q1–Q3 of DBP
to the Q4–Q5, the former had a higher prevalence of ischemia-like
ECG (47.8%) than the latter did (21.6%) (p < 0.01).
 blood pressure (SBP, left) and diastolic blood pressure (DBP, right). The SBP ranges
, 130.0–138.0; Q4, 138.5–147.5; Q5, 148.0–179.0. In the same way, the DBP ranges
5, 82.0–103.5. There was  no special trend in the prevalence of ischemia-like ECG
r-quintile difference (p < 0.01). A higher prevalence was observed in the Q1–Q3 of
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eceiver operating characteristics curve analysis
ROC curve analysis also demonstrated a signiﬁcant difference
n DBP between the ischemic and the non-ischemic group (Fig. 2);
he AUC was 0.63 (95% conﬁdence interval, 0.55–0.71, p = 0.003).
he highest Youden index (0.2813) was observed at a DBP of
4.5 mmHg, which corresponded to a sensitivity of 54% and a speci-
city of 74%. The number of patients with DBP ≤ 74.5 mmHg  was
06.
ultivariate analysis for the risk factors of ischemia-like ECG
According to the result of the ROC curve analysis, we  took
4.5 mmHg  as the threshold value of DBP. Other factors included in
he logistic regression analysis are also listed in Table 2. As a result,
BP ≤ 74.5 mmHg  was one of the signiﬁcant factors which corre-
ated with ischemia-like ECG. Other signiﬁcant factors were female
ex, lower LVEF, and higher LVMI.
iscussion
In the present study, we examined whether low DBP would
orrelate with ischemia-like ECG in 187 patients who  underwent
AG in our hospital. The result showed that the mean DBP of the
schemia-like ECG group was signiﬁcantly lower than that of the
on-ischemic group. When we divided patients into quintiles by
BP, the lower 3 quintiles showed a higher rate of ischemia-like
CG than the upper 2 quintiles did. Furthermore, ROC curve analysis
emonstrated DBP of 74.5 mmHg  was the optimal cut-off point to
redict ischemia-like ECG, and a logistic regression analysis showed
hat low DBP (DBP ≤ 74.5 mmHg) was one of the independent pre-
ictors of the ischemia-like ECG. These results suggest that there
s a correlation between low DBP and ischemia-like ECG ﬁndings.
ig. 2. Receiver operating characteristics curve for ability of diastolic blood pressure
o  identify ischemia-like electrocardiograms. *Optimal cut-off point identiﬁed by
ouden index.
able 2
ultivariate analysis of the risk factors for ischemic electrocardiogram.
Variables OR 95%CI p
EF (per 1%) 1.074 1.033–1.116 <0.001
LVMI (per 1 g/m2) 1.012 1.004–1.021 0.005
DBP  ≤ 74.5 mm Hg 2.534 1.191–5.395 0.016
Female 2.387 1.122–5.076 0.024
BMI  (per 1 kg/m2) 1.087 0.981–1.204 0.112
Age  (per 1 year) 1.034 0.993–1.078 0.106
eGFR (per 1 ml  min−1 1.73 m2) 1.002 0.985–1.018 0.838
R, odds ratio; CI, conﬁdence interval; BMI, body mass index; DBP, diastolic blood
ressure; EF, ejection fraction; LVMI, left ventricular mass index; eGFR, estimated
lomerular ﬁltration rate.iology 62 (2013) 230–235 233
The deﬁnition of ischemia-like ECG used in the present study is the
same as in the report by De Bacquer et al. [13], although they called
the same ﬁndings “ischemic ECG” in their article. De Bacquer et al.
used the data from 5208 men  and 4746 women in the Belgian inter-
university research on nutrition and health (BIRNH) study who
were free from prevalent angina pectoris and myocardial infarction
at baseline. After at least 10 years of follow up, the ischemia-like
ECG (MC  I 3, IV 1–3, V 1–3 or VII 1) was  signiﬁcantly associated
with mortality by cardiovascular disease and coronary heart dis-
ease with adjusted relative risks of 2.36 and 1.68, respectively. On
the other hand, low DBP also correlated with a high cardiovascular
event rate in many studies [1–4]. When these results and the result
of the present study are taken together, myocardial ischemia may
be a part of the mechanism by which low DBP correlates with high
cardiovascular morbidity.
The DBP cut-off value (74.5 mmHg) in the present study was
roughly in accordance with the DBP value below which previous
studies showed an increase in cardiovascular risk. For example,
Bangalore et al. reported that after acute coronary syndrome, a J-
or U-shaped curve association existed between BP and the risk of
future cardiovascular events, with lowest event rates in the DBP
range of approximately 80–90 mmHg  and a relatively ﬂat curve
for DBP of 70–90 mmHg  [30]. Denardo et al. also reported that
the DBP at the hazard ratio nadir was  similar for all age groups
(75 mmHg) except for the very old, for whom it was somewhat
lower (70 mmHg) [2].
Clinicians have been concerned about the risk of excessively
low DBP to induce myocardial ischemia, especially among patients
with high risk of coronary artery stenosis, such as elderly patients
or patients with a history of coronary artery disease, diabetes,
or both [2,4,30,31]. In the present study, contrary to our expec-
tation, there were no signiﬁcant differences in the prevalence of
coronary stenosis, the numbers of diseased coronary arteries, or
MGI, between the ischemia-like ECG group and the non-ischemic
group. However, MGI  showed a tendency to be higher in the
ischemia-like ECG group (p = 0.08). The difference might become
signiﬁcant in an analysis with a larger number of patients. On
the other hand, in a subanalysis of the CASE-J study, which was
conducted in Japanese high-risk hypertensive patients, low DBP
was a signiﬁcant predictor of coronary events in patients without
previous ischemic heart disease [3]. In patients with cardiac syn-
drome X (a syndrome characterized by typical angina, abnormal
exercise-test results, and normal coronary arteries), cardiovas-
cular magnetic resonance imaging demonstrated subendocardial
hypoperfusion during the intravenous administration of adeno-
sine [9], which suggested that subendocardial ischemia could
occur in patients without epicardial coronary artery stenosis.
Abnormalities in microcirculation might be associated with this
phenomenon [32], and low DBP might induce regional ischemia
in the subendocardium because of its relatively smaller ﬂow
reserve [7].
The two most common factors affecting microcirculatory resis-
tance control independently of coronary stenosis severity in
patients are LVH and impaired NO-mediated resistance vessel
vasodilation [33]. In LVH, because maximum coronary blood ﬂow
remains unchanged, maximum perfusion per gram of myocardium
falls, thus coronary ﬂow reserve at any given coronary arterial pres-
sure is reduced [33,34]. In the present study, LVH was signiﬁcantly
correlated with ischemia-like ECG. The ST-T segment abnormality
in patients with LVH may  reﬂect a primary disorder of repolariza-
tion that accompanies the cellular processes of hypertrophy or they
may  reﬂect subendocardial ischemia [19].On the other hand, measurements of coronary ﬂow reserve
in humans with risk factors for atherosclerosis are systemati-
cally lower than in healthy subjects without coronary risk factors.
Impaired endothelial-dependent vasodilation arising from NO
2 of Card
i
i
w
b
t
i
l
w
t
r
t
E
w
a
t
i
b
s
c
i
w
m
t
u
(
l
i
d
d
i
L
l
a
C
l
s
e
E
t
d
t
c
i
p
m
i
C
i
t
m
D
C
[
[
[
[
[
[
[
[
[
[
[
[
[34 S. Fujishima et al. / Journal 
nactivation associated with coronary risk factors may  be involved
n this abnormality [33]. Recently, coronary perivascular ﬁbrosis
as reported to be associated with the impairment of coronary
lood ﬂow [35]. This might also affect myocardial microcircula-
ion. Among the risk factors for coronary artery disease investigated
n the present study (i.e. hypertension, diabetes mellitus, dys-
ipidemia, hyperuricemia, smoking, chronic kidney disease), there
ere no signiﬁcant factors associated with ischemia-like ECG. Fur-
her investigation involving a larger number of patients and more
isk factors, such as high-sensitive C-reactive protein or homocys-
eine [36], may  be needed.
Female sex was a signiﬁcant predictor of the ischemia-like
CG in the present study. It has been reported that ECG in
omen often displays a so-called female pattern, characterized by
 low J-point and a ﬂat ST segment [37]. Sheifer et al. reported
hat the left main trunk and proximal left anterior descend-
ng artery are smaller in women than in men, independent of
ody size, by use of intravascular ultrasound [38]. The relatively
mall coronary artery might affect coronary ﬂow reserve and
ause the ischemia-like ECG in women. Furthermore, abnormalities
n endothelium-dependent vasodilation are common in woman
ith insigniﬁcant coronary disease and can be accompanied by
etabolic ischemia [33]; however, the underlying mechanism of
he sex differences in coronary heart disease has not been fully
nderstood [39].
Even after exclusion of patients with severe systolic dysfunction
LVEF < 40%), low LVEF was still a signiﬁcant factor for the ischemia-
ike ECG in the present study. Because dilated cardiomyopathy may
nitially show nonspeciﬁc repolarization abnormalities or left bun-
le branch block in ECG [40], some patients with a mild degree of
ilated or other types of cardiomyopathy might be included in the
schemia-like ECG group.
imitations
There are several limitations to this study. First, the study popu-
ation was small, and there might have been a selection bias because
ll of the subjects were suspected of ischemic heart disease before
AG. Thus a larger scale population study using an unselected popu-
ation would be helpful. Second, the ECG and blood pressure of each
ubject were not recorded at the same time. Because these param-
ters are variable in nature, a study using simultaneously recorded
CG and blood pressure will be needed for closer investigation of
heir relationship. Third, although we excluded the patients taking
igitalis and patients with low LVEF (<40%), OMI, cardiomyopa-
hy, complete right bundle branch block, and low serum potassium
oncentration from the present analyses, other factors that can
nﬂuence ischemia-like ECG ﬁndings might not have been com-
letely ruled out. Therefore, further examinations that include
ore clinical information about patients (e.g. drugs other than dig-
talis, electrolytes other than potassium) would also be desirable.
onclusion
In conclusion, low DBP was one of the signiﬁcant predictors of
schemia-like ﬁndings of ECG. When this result and the results in
he previous epidemiological or clinical studies are taken together,
yocardial ischemia may  be a part of the mechanism by which low
BP correlates with a high cardiovascular event rate.
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